Background: Body composition changes with ageing can influence the adiponectin concentration. However, the component of body composition that is associated with adiponectin concentrations in older adults remains unclear.
Background
Adiponectin, the circulating peptide hormone secreted by adipocytes, reportedly has an important role in insulin resistance, glucose and lipid metabolism and cardiovascular morbidity and mortality [1] [2] [3] [4] . In previous studies, adiponectin showed an inverse relationship to adipose tissue mass, especially central adiposity [5] [6] [7] . Despite evidence of adiponectin as a cardiovascular risk marker supported by early reports of a strong inverse association with incident coronary heart disease (CHD) in healthy middle-aged males [8] , the inverse relationship between adiponectin and CHD was comparatively moderate in other populations [9] . Furthermore, in older populations, higher adiponectin concentrations were associated with greater risk of CHD, stroke or mortality or, conversely, no association was observed between adiponectin and risk of stroke [10] [11] [12] . Possible explanations for these conflicting associations were reported as reverse causation from reactive increases [13] or different proportions of high-molecular-weight (HMW) adiponectin [12] . However, the reason for this paradoxical finding in older adults remains unclear.
Visceral adiposity is strongly related to insulin resistance and cardiometabolic disease risk [14, 15] . Some researchers reported that not only visceral adipose tissue but also abdominal subcutaneous adipose tissues are both associated with adverse cardiometabolic risk [16, 17] . In recent years, research has focused on muscle's protective effect from metabolic syndrome because higher muscle mass has been reported to be associated with better insulin sensitivity and lower risk of insulin resistance [18, 19] . Body composition changes with age [20] . The gender-based difference of body composition change in older adults can influence the adiponectin level.
In this study we determined which body composition component was associated with adiponectin concentration and the gender difference of the association in older adults.
Methods

Study population
The Hallym Aging Study (HAS) is a prospective cohort of 1,520 individuals (30% aged 45-64 years and 70% aged 65 years or older) in Chuncheon, a small city in South Korea. Details of the HAS have been published elsewhere [21] [22] [23] [24] . The first wave began in 2003 and an in-depth clinical study was started in 2004. The city was divided into 1,408 areas based on the 2000 census and 200 areas were randomly selected. The first-wave participants were selected by systematic sampling: 30% of subjects were sampled from individuals aged 45 to 64 years and 70% were sampled from individuals aged 65 years or older. The first-wave survey in 2003 included 1,520 participants. Among them, 918 had participated in an in-depth clinical study in 2004. Among the 918 participants, 547 agreed to participate in the 2007 follow-up examinations and 382 among the 547 agreed to participate in the 2010 follow-up examinations. We used the 2010 HAS data. A total of 320 participants (152 males and 168 females) aged 65 years or older with anthropometric measurements and body composition analysis constituted the final study population. The Hallym University's institutional review board approved all protocols and procedures, and informed consent was obtained from all study subjects.
Data collection, questionnaires and measurements
This investigation was composed of questionnaires, anthropometric measurements and laboratory tests. Questionnaires were administered face-to-face by trained interviewers. Anthropometric measurements and laboratory tests were performed by a clinical team from Chuncheon Sacred Heart Hospital. Age, smoking status, alcohol drinking, regular exercise and past/current medical history were obtained from structured questionnaires. Anthropometric measurements were performed with subjects wearing light clothing and no shoes. Quality control for all measurements was monitored regularly. The height was measured to the nearest 0.1 cm and weight to the nearest 0.1 kg in the upright position. The BMI was calculated as the body weight divided by the height squared (kg/m 2 ). Waist circumference was measured at the end of each subject's normal expiration to the nearest 0.1 cm at the midpoint between the lower end of the 12th rib and the upper end of the iliac crest using anthropometric tape. The waist-toheight ratio was calculated as waist circumference (cm)/ height (cm). The body composition including body fat percentage, skeletal muscle mass and bone mineral content was quantified with dual energy X-ray absorptiometry (DXA; Lunar, GE, Fairfield, CT, USA). The systolic blood pressure and diastolic blood pressure were measured in the seated, rested subjects, using a standard protocol. Blood samples were drawn from the antecubital vein in the morning after an overnight fast. Plasma glucose, total cholesterol (T-Chol), triglyceride (TG) levels and highdensity lipoprotein cholesterol (HDL-C) were measured using an auto-analyser (Hitachi 747, Hitachi, Tokyo, Japan). Low-density lipoprotein cholesterol (LDL-C) was calculated by the [25, 26] . Adiponectin measurements were performed from plasma samples stored at -70°C and measured by immunoassay (VersaMax, Molecular Devices, Sunnyvale, CA, USA).
Statistical analyses
Data are expressed as mean ± standard deviation (SD).
The assumption of normality of the data was tested by the Shapiro-Wilk test, and a p-value greater than 0.05 indicated the observed distribution of a variable was not statistically different from the normal distribution. Adiponectin, insulin, HDL-C, TG and HOMA-IR values were log transformed, since they were not normally distributed. Comparison of demographic and metabolic variables was performed using Student's t-test. To examine the genderspecific relative contribution of age and body composition, subgroup analyses of males and females were performed using a linear regression model. Relationships between dependent and independent variables were analysed using the Pearson's correlation test and simple linear regression. Next, the multiple linear regression analysis was used to determine whether the association between the dependent and independent variables of interest remained significant after adjusting for other potentially confounding independent variables.
A p-value less than 0.05 was considered statistically significant. All statistical analyses were performed by IBM SPSS Statistics version 20 (IBM Corp., Armonk, NY, USA) and R version 2.15.2 (http://www.r-project.org).
Results
The subjects showed differences in several metabolic parameters, body composition, comorbidities and health behaviour between males and females ( Table 1) . Plasma adiponectin, fasting insulin and HOMA-IR were significantly higher in females than in males. BMI, waist/height ratio and body fat percentage were also significantly higher in females than in males. Conversely, total lean body mass, skeletal muscle mass, bone mineral content of limbs and testosterone were significantly higher in males than in females. Regarding health behaviour, males showed a much higher prevalence of smoking and alcohol drinking than females and were more physically active than females.
In correlation analysis, the most significant correlations were observed between adiponectin and HDL-C, triglyceride and HOMA-IR in both genders. Gender differences in older adults were observed in the relationship between adiponectin concentrations and phenotypes, including metabolic parameters and body composition ( Table 2) . Age was positively associated with adiponectin in males (P < 0.01), but there was no significant relationship between adiponectin and age in females. Fasting glucose and albumin were negatively associated with adiponectin in males (P < 0.05), but not in females. Testosterone was negatively associated with adiponectin in females (P < 0.05), but not in males. Arm skeletal muscle mass and bone mineral content were negatively associated with adiponectin in males (P < 0.05), but not in females. Leg bone mineral content was negatively associated with adiponectin in females (P < 0.05), but not in males in univariate analysis.
Multiple linear regression models assessed the association of body fat percentage, regional muscle mass and bone mineral content of body composition and waist/ height ratio with adiponectin concentration (Table 3) . After adjusting the metabolic parameters, body fat percentage and albumin (P < 0.05) were negatively associated with adiponectin in males, but not in females. HDL-C (P < 0.001) and age (P < 0.01) were positively associated with adiponectin in older males. In older females, the only factors that correlated significantly with adiponectin concentration were HOMA-IR (P < 0.001) and HDL-C (P < 0.05). The waist/height ratio and bone mineral content were not associated with adiponectin in either gender.
Discussion
In the present analysis, a gender difference was found in the relationship between adiponectin concentration and body fat in older adults. Age and gender are two of the most important confounding or effect modifying factors for most diseases. In particular, gender-specific body adiposity and age-related changes in body composition can influence metabolic profiles and cardiovascular diseases [20] . Increased abdominal fat is associated with insulin resistance and atherogenic metabolic profiles [27] . Adiponectin has been reported to have an important role in glucose and lipid metabolism [1] [2] [3] and the most pronounced correlations were observed between adiponectin and HDL-C, triglycerides and HOMA-IR in the present study. The inverse relationship of circulating adiponectin to adipose tissue mass, especially central adiposity is well known [5] [6] [7] . However, paradoxical results have been reported in older populations, such as higher adiponectin concentration associated with greater risk of CHD, stroke or mortality [10] [11] [12] . In the result of multiple linear regression analysis for the relationship between adiponectin concentrations and body composition in our study, the body fat percentage was negatively associated with adiponectin in males, but not in females (Table 3) . Except for a small contribution of body fat percentage in males, the waist/height ratio and body composition, including muscle and bone mineral content, had no relationship with adiponectin levels in either gender. In the previous study, bone mineral density was negatively associated with adiponectin levels in males > 60 years with a BMI > 27 kg/m 2 [28] . However, in that study, the influence of waist circumference and body composition, including body fat and muscle, was not adjusted.
In the previous studies, age was positively associated with adiponectin [12, 29, 30] ; however, in our analysis of older adults, age was positively associated with adiponectin in males, but not in females (Tables 2 and 3 ). Adipocytes and their products, including leptin and adiponectin, play an important role in the interaction between energy balance and the reproductive axis [31] . In the previous studies, the association of adiponectin with testosterone and estradiol was inconsistent. In a Caucasian population, higher levels of testosterone and lower estradiol concentrations predicted higher adiponectin levels in both genders [32] . However, in an Asian population, adiponectin levels were negatively correlated with testosterone but were not correlated with estradiol in postmenopausal females (more than 1 year since menopause) [33] . In our study, testosterone and adiponectin showed a significant negative association in the correlation analysis for older females. However, in multiple linear regression analysis, the correlation between testosterone and adiponectin in females was insignificant, even though the estimate of correlation changed from −0.183 to −0.412. The results of our study suggested that hormonal changes according to age and gender were not important factors that influenced the paradoxical finding of adiponectin in older Asian adults. In an in vitro study using human fat cells, increasing concentrations of testosterone or estradiol did not influence adiponectin mRNA expression and secretion or the intracellular levels of high-, middle-, and low-molecular-weight adiponectin multimers. However, stimulation with human male and female serum downregulated adiponectin expression, with male serum exerting significantly stronger inhibitory properties than female serum, suggesting the presence of a serum factor that causes the gender dimorphism in circulating adiponectin levels [34] .
One strength of our study was that the data of older males and females were analysed separately. In several other studies, researchers did not analyse the male and female data separately, considering gender difference as a confounding factor [12, 35] , or they analysed data from males only [10, 11] . However, our results suggested that gender difference was not only a confounding factor, but also an effect modifier in older adults; therefore, data from older males and females should be analysed separately. Another strength of our study was that we considered not only weight but also body composition using DXA and waist circumference in older adults. In previous studies, adiponectin was associated with weight change only in females [36] or was not associated with changes in weight in older adults [37] . However, in those studies, the amount of fat was not examined, which may explain the inconsistency between our results and previous studies.
The weakness of our study was the relatively small sample size. To minimise the effects of this limitation, participants were selected by systematic sampling from 200 areas that were selected randomly in Chuncheon, a small city in South Korea. Nevertheless, the sampling method cannot completely overcome the limitation from small sample size. Compared with other populations, the contribution of body fat and muscle to the adiponectin level in an older population was very small or insignificant after multiple regression analysis. Therefore, a larger study population is needed to determine the small but significant contribution of body fat and muscle to adiponectin levels in an older population.
Conclusion
Plasma adiponectin levels correlated negatively with body fat percentage in older males but not in older females. The associations of adiponectin with some other factors also differed between older males and females. This suggests that certain sex-specific mechanisms may affect the association between adiponectin and age-related changes in body composition.
